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ABSTRACT 


This  report  outlines  instruments  acquired  and  fabricated  at  UCSD,  under  Grant  No. 
DAAL03-88-G-0007,  as  part  of  the  URI  on  Ultrahigh  Dynamic  Performance  Materials. 
The  URI  was  awarded  by  ARO  in  October,  1986.  The  instrumentation  developed  under 
this  grant  includes  a  computer  control  system  for  safe  operation  of  gas  gun;  dedicated 
interferometry  recording  system  for  gas  gun;  an  ultrasonic  system;  a  300kV  flash  X-ray 
system;  an  image-converter  camera  system  capable  of  20  million  frames  per  second;  a  high¬ 
speed  framing  and  streak-recording  camera  capable  of  up  to  two  million  frames  per  second, 
8S  high-resolution  frames;  a  complete  image-processing  system  dedicated  to  dynamic 
quantitative  holography;  and  necessary  dedicated  wave-form  digitizers.  In  addition,  a 
novel  system  is  developed  to  generate  laser-induced  high  amplitude,  short  duration  stress 
pulses,  using  much  of  the  facilities  which  already  existed  at  UCSD. 

Included  in  this  report  is  a  brochure  entitled  "The  Experimental  Facilities  of  the  Center  of 
Excellence  for  Advanced  Materials"  which  includes  brief  descriptions  and  photographs  of 
many  of  the  instruments  reported  herein. 
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1 .  INTRODUCTION 

Since  October,  1986,  the  Center  of  Excellence  for  Advanced  Materials,  with  focus 
on  ultrahigh  strain  rate  deformation  regimes,  has  been  established  at  the  University  of 
California,  San  Diego  (UCSD),  by  ARO  as  a  part  of  the  DoD's  University  Research 
Inidative  (URI).  The  aims  of  this  mulddisciplinary  Center  are: 

A.  To  develop,  through  coordinated  experimental,  theoretical,  and  computadonal 
methods,  the  scientific  and  technological  know-how  for  analysis  and  design  of 
advanced  materials  with  tailored  microstructures  which  will  have  desired 
macroscopic  properties  under  ulO'ahigh  rates  of  straining. 

B .  To  provide  a  high-quality  intellectual  atmosphere  for  doctoral  and  post-doctoral 
advanced  education  in  an  integrated  materials  engineering  program  with  strong 
input  from  materials  science,  mechanics  and  applied  mathematics,  computational 
mechanics,  and  shock  physics. 

C.  To  provide  a  forum  for  scientific  exchange  and  research  and  collaborative  work 
among  advanced  students  and  scientists  selected  from  various  universities,  UC- 
National  Laboratories,  Army  Laboratories,  and  Industry. 

The  Center  focuses  on  three  major  and  interrelated  scientific  areas: 

1 )  Materials:  This  includes  microstructural  characterization  of  undamaged  and 
damaged  materials,  examination  of  the  effects  of  metallurgical  variables  on  the 
mechanical  response,  macromechanical  characterization  through  experiments  in 
controlled  environments,  and  materials  design. 

2)  Modeling  and  Computation:  This  includes  micromechanical  modeling  of  nonlinear 
response  and  failure  modes,  constitutive  characterization  of  the  materials  at  high  and 
ultrahigh  strain  rates,  the  associated  computer  algorithms  to  be  used  in  large-scale 
computer  programs,  and  numerical  experimentation  and  computer  prediction  of 
material  behavior  under  ultrahigh  strain  rates. 

3)  Dynamic  Tests:  This  includes  high  and  ultrahigh  strain-rate  experiments  on  specific 
advanced  materials  with  controlled  microstructures,  using  flyer-plate,  Hopkinson 
bar,  and  high-energy  laser  facilities;  this  requires  new  developments  in  the 
diagnostics  of  high  strain-rate  experiments  through  high-speed  flash  photography. 
X-ray  photography,  and  innovative  holography. 


The  Center  has  initiated  contact  with  scientists  at  Los  Alamos  National 
Laboratory (LANL),  Lawrence  Livermore  National  Laboratory  (LLNL),  and  a  number  of 
Army  Laboratories,  with  the  specific  purpose  of  cultivating  scientific  collaboration  with 
scientists  of  common  interest,  and,  in  this  manner,  utilizing  their  expertise,  as  well  as  some 
of  the  unique  testing  facilities  that  exist  at  these  important  national  institutions.  At  the  same 
time,  the  Center  has  embarked  on  developing  dynamic  testing  facilities  which  are  unique  in 
capability  and  which,  while  not  as  powerful  in,  for  example,  attaining  projectile  speed  or 
size,  as  those  available  in  the  abovementioned  national  laboratories,  are  especially  designed 
to  attain  complex  stress  and  strain  regimes  in  the  samples  at  high  strain  rates.  These 
instruments  include: 
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1)  a  large  gun  capable  of  propelling  up  to  500g  projectiles  up  to  Ikm/sec  velocity,  its 
special  character  will  be  the  capability  to  pr^uce  an  oblique  impact,  hence  axial  as 
well  as  shear  straining  of  the  specimen  at  high  strain  rates  becoming  possible; 

2)  a  small  gas  gun  for  oblique  plate-impact  experiments  (velocities  up  to  200  m/s); 

3)  compression,  tension,  and  torsion  Hopldnson  bars  capable  of  full  recovery 
experiments  in  compression,  in  tension,  and  in  compression  followed  by  tension; 

4)  laser-induced  stress-pulse  system  for  high  amplitude,  short  duration  loading. 

The  above  instruments  have  provided  powerful  facilities  for  fundamental  woric  on  the  basic 
understanding  of  material  response  and  failure  modes  at  high  strain  rates  and  under  general 
multiaxial  dynamic  stress  conditions.  In  this  sense,  they  are  unique.  They  are  employed  in 
conjunction  with  and,  in  fact,  complementary  to,  the  important  facilities  that  exist  at 
national  laboratories  whose  scientists  have  been  collaborating  participants  of  the  Center. 
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2.0  INSTRUMENTS  ACQUIRED  OR  FABRICATED  UNDER  THIS 
AWARD 

2.1  Grating  and  Alignment  System 

Function:  Traverse  displacement  measurements  in  high  rate  pressure  shear 
equipment 

Major  Equipment: 

NuArc  ultra-violet  exposure  system 
Optical  components 
Electronic  components 


2.2  Dedicated  Interferometry  Recording  System 

Description:  Muld-channel  waveform  digitizing  system  with  computer  control  and 
necessary  signal  conditioning  and  accessories. 

Major  Equipment: 

LeCroy  High  Speed  Transient  Digitizer  System 

Computer  Control  System 

Coherent  Innova  70-3  argon  ion  laser  system 


2.3  Ultrasonic  Analysis  System 

Description:  This  system  consists  of  the  Matec  system  Model  #8040,  associated 
transducers,  IBM  AT  compatible  computer  and  components  to  configure  the  system 
into  a  precision  scanning  ultrasonic  measuring  and  analysis  system. 

Function:  Ultrasonic  characterization  of  materials 

Major  Equipment: 

Matec  pulse  modulator,  receiver,  plug-ins,  filters,  attenuators 
Panametrics  Videoscan  (accessory  to  ultrasonic  system) 

IBM-AT  compatible 
Panametrics  ultrasonic  transducers 


2.4  Image  Converter  Camera  System 

Function:  High  speed  framing  and  streak  recording  of  high  strain  rate  events. 
Major  Equipment: 

Hadland  Imacon  792  Image  convertor  camera  system* 

Optical  components 
Electronic  components 

*  I  refer  to  page  10  of  enclosed  brochure  for  photograph] 


-4- 


2.5  Improved  High  Speed  Imaging  Data  Acquisition  System 

Function:  Ultra  high  speed  Ellis  photography,  multiple  pulse  holography,  and 
interferometric  shock  studies 

Major  Equipment: 

Gordin  330A  rotating  mirror  high  speed  camera  system* 

Safari  Systems'  image  processor,  convolver  and  camera  systems* 

*lrefer  to  page  13  and  page  17  of  enclosed  brochure  for  photograph] 

2.6  Oscilloscope  and  Data  Recording  System 

Nicolet  4094/B  Digital  Oscilloscope  (UCSD  Matching  Funds)* 

Nicolet  4094/C  Digital  Oscilloscope  (UCSD  Matching  Funds)* 

Tektronix  7844  400  Mhz  Dual  Beam  Oscilloscope  (UCSD  Matching  Funds) 
Tektronix  RTD7 10  Waveform  digitizer.  (UCSD  Matching  Funds) 

*  [refer  to  page  11  of  enclosed  brochure  for  photograpK\ 

2.7  Flash  X-ray  System 

Link  Analydcal  backscatter  electron  detector 
Golden  Engineering  radiographic  film  processor 
Hewlett  Packard  flash  X-ray  system 

2.8  Computer  Data  Systems 

San  Diego  Supercomputer  compile  system 
Sun  Microsystem  computer  data  system 
IBM  PC  compatable  with  math  coprocessor 
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3.0  SCIENTIFIC  PERSONNEL  SUPPORTED  BY  THIS  PROJECT 


For  the  fabrication,  and  set-up,  as  well  as  software  development  design,  the  following 
technical  individuals  have  received  partial  support  under  this  grant: 

Principal  Investigator:  S.  Nemat-Nasser  (UCSD  support  only) 

Research  Engineers 

Dr.  John  E.  Starrett,  Principal  Development  Engineer  7/88  -  5/1 1/90 

Mr.  Jon  Isaacs,  Development  Technician  III  7/88  - 12/30/90 

Assistant  Development  Engineer,  1/1/91  - 12/31/91 

Mr.  David  Lischer,  Development  Technician  II  6/6/89  -  2/28/9 1 

Jr.  Development  Engineer  3/1/91  - 12/31/91 

Mr.  Douglas  Moore,  Development  Technician  II  7/88  -  12/89  (partial  support) 

Mr.  John  Haughdahl,  Principle  Electronic  Technician  (part-time)  12/13/90  - 12/31/91 

Engineering  Aids  (Undergraduate  Students) 

Mr.  Brett  Ellman,  Engineering  Aid  I  1/1/90-9/1 8/90 

Mr.  Ethan  Miley,  Engineering  Aid  I  1 2/23/90  -  6/30/9 1 

Mr.  Ismael  Rodriquez,  Engineering  Aid  1  6/27/90  -  9/28/90 

Mr.  Norman  Tang,  Engineering  Aid  I  12/23/90  -  6/22/91 
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Tension  Hopkinson  Bar  with  Momentum  Trap  for 
Recovery  Tests  with  a  Single  Tensile  Pulse 


Torsion 


Torsion  Hopkinson  Bar  with  Pulse  Width  Modification 
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60-mm  Gas  Gun 
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60-inin  Gas  Gun  in  Flyer  Plate  Configuration 
Operated  by  Graduate  Student  A.  Machcha. 
Interferometry  setup  measures  particle  displacements  and 
velocity  of  the  back  face  of  momentum  trap,  using 
Spectra-Physics  2020  argon  ion  laser. 


56-mm  Gas  Gun 
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56-mm  Gas  Gun 

Post-Doctorate  M.  Ahmadshahi  checks  data 
network  at  experimental  end  of  the  56-mm  gas  gun 
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Electromagnetic  Flyer  Plate  Launcher  with 
Hadland  Imacon  790  Camera  (at  right) 


Laser  Impulse  Facility  Includes  3-Stage  Ruby  Laser  System, 
Pulse  Slicer,  Stress  Cell,  and  LeCroy  6880  and 
Nicolet  4094C  High-Speed  Digitizing  Oscilloscopes. 
Capable  of  one  billion-watt  output,  the  laser  impulse  system 
imdergoes  final  alignment  by  Engineer  D.  Lischer. 
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High-Speed  Photographic  Facility 
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Gordin  330A  High-Speed  Camera  Configured 
for  Holographic  Interferometry 
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Graduate  Student  G.  Subhash  analyzes  granular  flow  data 
for  photoelastic  granules  on  the  portable  image  lab 
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Axial-Torsional  Testing 
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elevated  temperatures,  Graduate  Student  D.  Owen  checks 
the  constant  stress  cam  before  starting  a 
ceramic  test  in  the  Creep  Facility 
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Studying  properties  of  granular  materials,  Graduate  Student  A.  Azhdari  is  calibrating  the 

Graduate  Student  N.  Okada  makes  final  computer-controlled  load  cell  on  a  20-kip  load  frame 

preparations  to  the  triaxial  cell  with  axial/torsional  and  biaxial  capabilities 
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Undergraduate  Student  S.  Emmenegger  aligns  a 
ceramic  sample  over  the  hydrogen  torch  before 
creating  a  novel  material  by  rapid  solidification 


Chemical  Synthesis  of  Oxide  Ceramics 
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By  adjusting  flow  rate,  Undergraduate  Student 
R,  Contreras  controls  the  process  for 
synthesizing  fine  ceramic  powders 


High-Velocity  Forging  System 
A  new  ceramic  material  formed  by  dynamic  compaction 
in  the  Dynapak  Facility  is  being  studied  by 
Graduate  Students  J.  LaSalvia  and  D.  Hoke 
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Philips  Analytical  X-Ray  System 


Post-Doctorate  M.  Rashid  programs  the 
computer-controlled  x-ray  diffractometer. 
(Laue  camera  shown  mounted  behind 
leaded  windows  by  x-ray  system.) 
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